couplers, which could be selectively placed in contact with the sensing film at any point.
3. Preliminary characterization of the breadboard prototype:
The prototype showed sensitivity to the temperature change of 9.37°C per 2x-phase shift, which was equivalent to sensitivity to the index change of 10 -3 per 2n-phase shift. This indicated that the sensor was capable of detecting gaseous agents, which were under investigation, particularly, ammonia.
It was more relevant to final goals of the project to substitute the 1-st goal for the second 
where
and tw is the thickness of the waveguide core, m is the order of the mode, k = 2_r/2 is the wave 
The difference between propagation constants of the modes is generally a nonlinear function of index n w. However, near a certain initial value h'_ it could be expanded in Taylor series with respect to small parameter n w -h_w as
where R i are the coefficients of polynomial expansion.
With respect to nw -h',., we truncated the Taylor expansion to the term of the first order of magnitude in the second line of Eq. (6).
The phase shift between two modes at the exit point of the waveguide was obtained as We then assumed that the modes were decoupled from the waveguide into two coherent free propagating waves. This can be done with an output-coupling prism as illustrated in Fig. 2 .
Mode <<0>>in Fig. 2 corresponds to TM 0 and mode (<1>>-to TM_. The waves are recombined again by a focusing optics producing a fringe interferencepattern in a distant plane. The coordinatesystemassociated with the planeis definedby radiusvector r = (u, v, w) , where w=O at the plane. The optical field of the wave corresponding to mode _0)> in some location (u,v) in the plane can be described as
where A 0 is the amplitude, co is the frequency, t is the time,
is the propagation vector of the wave, 0 is the angle between the propagation directions of two waves (normal to the plane bisects angle 0 ), A_ o is a constant phase shift, which might be occasionally accumulated during the propagation of the wave toward the plane.
Similarly, the optical field of the wave corresponding to mode _ 1_ can be described as
where A i is the amplitude,
vector. An optical fiber can be placed in the location (u, v) picking up the light and transmitting it to a photo detector.
The photo detector will measure the intensity of the optical field, which is the sum of the optical fields of both waves. Using Eqs. (7) through (9) we derived the following formula for the intensity of the interference pattern in point (u, v): In order to obtain the response of a single-order polarimetric interferometer employing modes TEo and TM0, we still had to find out the propagation index of TEo mode as a function of
We followed the procedure similar to that used for the double-order interferometer.
The dispersion equation for a TE mode is 14
After solving Eq. (11) 
The light intensity Ip(nw) in the plane of interference of the modes TE 0 and TM 0 sent through a 45°-oriented polarizer (as shown in Fig. 1 
where (8) and (9) can now be modified as
where Eo (u,v ) and El (u,v ) are the amplitudes of the modes given by Eqs. (8) and (9) respectively, o-0 and cr1 are the loss indices of the modes depending on absorption change, which is proportional to the concentration of analyte C (see Eqs. (18) and (19)). Assuming the proportionality of the loss indices to the change of absorption, we can obtain Each fiber terminal was equippedwith a beamcollimator in order to reduce lossesof light propagatingthrough the sample.The fibers were connectedto a Varian Cary 3E UV-Visible spectrophotometer using a standardfiber optics coupler. In addition, we also measuredany Fig. 6 . The absorption gained some irreversible increase in a band from 350 to 450 nm with a central peak at 400 nm similar to that of the sample, which we color into deep yellow similar to that of the sample being exposed to dry ammonia in the gas chamber.The absorptionpeakat 600 nm disappeared but the peakat 400 nm remainedalmost unchanged (Fig. 6, curve4 
Experimental set-up
The schematic of the experimental set-up for testing the concept of a single-arm doublemode double-order sensor is shown in Fig. 7 . It includes a gas chamber where the sensor is exposed to various gas mixtures. Gas supply module includes a combination of gas cylinders and a water bubbler connected through valve-controlled pipelines to a mixing chamber. The purpose of the mixing chamber is to prepare a mixture of different gases at a certain proportion before exposing the sensor. The main gas chamber is equipped with an internal heater, thermocouple, and temperature controller.
The gas mixture inside the chamber can be heated up to 250°C. GPIB data acquisition interface card controlled by a LabVIEW program.
Figs. 8 and 9 illustrate the behavior of the sensor in the case when the initial temperature was 20°C. The heater was set to a rectangular current pulse (current ramping disabled), and the St°P limit of heating was set at 32°C. The signal, a typical oscillating wave, exhibited some decay when the temperature went up (Fig. 8, curve 2 ). This could be attributed to a partial loss of coupling between the waveguide and the prisms due to thermal expansion of the aluminum brackets holding the prisms against the waveguide.
There is some discrepancy in signal-versus-temperature readings between heating and cooling parts of the cycle. The reason for this might be the lack of direct contact between the thermocouple and the sensor making impossible to measure instantaneously the actual temperature of the waveguide. We assumed that the thermocouple readings were more close to the actual temperature during the cooling cycle when the thermal equilibrium was more likely reached in the chamber. Based on this assumption, we plotted the signal of the sensor versus temperature in Fig. 9 . This dependence could be approximated with function (Fig. 9 , solid curve) The sensitivity is close to 1.3°C per 2re-phase shift, the value obtained from the theoretical simulations.
Chemical sensing
In our experimentson chemicalsensing, we usedthe samesampleas in thermalcycling.
The target gaswas ammonia.The following procedureswereused.The sensorwas put in the main gas chamber (Fig. 7) . has been detected. We also exposed the sensor to CO2, NO and NO2 diluted in N2 without detectinga significantresponse. The sensorhasprovento be suitable for selective detection of ammonia.
We also performed some investigation of the role of water vapor in building up the sensor response. Curves 3a and 3b in Fig. l0 show the kinetics of the signal in the case when the sensor was exposed to a mixture of NH 3 and dry nitrogen. The reaction of the sensor was apparently much weaker than in the experiments with wet nitrogen (curves 1 a and lb in Fig. 10 ). The reaction of the sensor to ammonia in atmospheric air is represented by Fig. 12 . In this experiment we mixed NH 3 with air in the mixing chamber with extra water vapor added and then transferred the mixture into the main chamber being initially filled with air at 300 Torr. The initial relative humidity of the air was 68%. The maximum humidity in the main chamber was approximately 98%. Experimental data in Fig. 12 A seriousproblemwas also the influenceof moistureon sensorresponse. Comparing curveslb and3b in Fig. 10clearly indicatesthat strongeroscillatingsignal from the sensorwas achievedat higher relativehumidity. Following the accomplishments reportedin Refs. 18 and 21, we hadto usea water saturated polymer matrix insteadof hydrophobicPMMA. One of the possiblechoicescouldbepolymerpolyimide,which is currentlyunderinvestigation.
Heat cycling experimentsgaveus the sensitivity of the interferometerto temperature changeas high as 1.5°Cper 2re-phase shift. This is closeto 1.3°Cper 2rt-phaseshift obtained from the theoreticalsimulations (Fig. 5) . The temperaturechangecan potentially corrupt the performanceof the interferometeras a chemicalsensor.This is a commonproblem of many interferometricsensors, which can be solved by addinga referencetemperature-only-sensitive channel.4, 5 One possible solution is that the additional channel must generate the same response to the ambient temperature while being isolated from chemical exposure by a protecting overcoat. In our case this can be done just by splitting the incident light into two beams, which will be independently injected and decoupled from the waveguide. The reference beam should travel through a protected region of the polymer film.
Polyimide based high temperture sensor
We have made a high-temperature sensing film using polyimide Ultradel 9020 D from 
